Problem of selecting a person as a new personnel or member of any group is a critical issue in human resource management. Personnel selection is a big challenge in all types of companies, organizations and communities, involving multiple issues that should be evaluated simultaneously. A group as a team should work in the best form to attain its goals. Accordingly, a complex decision support methodology for effective team members' selection is required. The aim of the current research is to develop the decision model for human resource management that aggregates experts' knowledge and deals with uncertain information. The current paper considers a model based on hybrid Multiple Criteria Decision Making (MCDM) methods as a framework for the challenge of personnel selection. Analytic Hierarchy Process (AHP) and the Technique for Order Preference by Similarity to Ideal Solution with Grey Relations (TOPSIS grey) are applied for this aim. AHP is used for identifying the importance of each criterion when selecting a group member. TOPSIS grey is applied for ranking of alternatives, i.e. particular personnel, characterized by a set of criteria that are determined by grey relations and expressed in intervals. A case study about process of selecting a new drummer for a rock band is presented to demonstrate the applicability and the effectiveness of the proposed model. Criteria as technical ability, ability of accommodation to band and genre, discipline, ability to work with band (teamwork), general issues like age, behavior, ideology and etc., ability of composing and motivation are prioritized from the most important to the least important, respectively, based on AHP results. Four potential candidates are considered. One of them is selected as the best drummer for the band among four applicants based on TOPSIS grey results. The presented hybrid multiple criteria decision making helps to perform personnel selection effectively and objectively when multiple criteria are evaluated simultaneously. The first part of the proposed methodology, i.e. AHP is useful for determining the importance of each criterion and calculating weight of each criterion, while the second part with TOPSIS grey is useful for evaluating alternatives more precisely than usual crisp TOPSIS. The model can be implemented as an effective decision aid to improve human resources management in various areas of economic activities.
Introduction and literature review
Human resources management policy and personnel selection is an important part of any business activity. Personnel selection process is aimed at choosing the best candidate to fill the vacancy in a company or in any other group. To improve the group member selection process it is important to develop and apply a proper decision making tool, involving a set of decision criteria and a particular methodology for evaluating and ranking of alternatives.
In literature, there exist numerous studies conducted with the aim of performing personnel selection within the boundaries of objective criteria (Dagdeviren and Yuksel, 2007) . Fuzzy sets constitute one group of mathematical methods applied for human resource management. Miller and Feinzig (1993) suggested the fuzzy sets theory for the personnel selection challenge. Liang and Wang (1994) presented an algorithm which also uses the fuzzy sets theory. In this algorithm, subjective criteria, such as personality, leadership, and past experience, along with some objective criteria, such as general aptitude, and comprehension were used. Capaldo and Zollo (2001) presented a case study applying fuzzy logic to personnel assessment. Karsak et al. (2003) modeled personnel selection process by using fuzzy multiple criteria programming and evaluated qualitative and quantitative factors together via membership functions in this model. The study of Chien and Chen (2008) aimed at developing data mining framework based on decision tree and association rules to generate rules for personnel selection.
Multiple criteria decision making is other group of methods for personnel selection as reported in literature (Bohanec et al., 1992; Timmermans and Vlek, 1992; Gardiner and Armstrong-Wright, 2000; Spyridakos et al., 2001; Jessop, 2004) . These methods can be effectively employed while evaluating a multitude of factors together in the solution of especially large and complicated problems (Dagdeviren and Yuksel, 2007) . Some of the recent applications of MCDM methods in personnel selection are briefly reviewed further. Dagdeviren and Yuksel (2007) and Boran et al. (2008) used Analytic Network Process (ANP) for personnel selection, while Dagdeviren (2010) combined ANP and TOPSIS; Lin (2010) integrated ANP and fuzzy data envelopment analysis (DEA) approach for the analogous task. DEA was used for human resource allocation by Knezevic et al. (2011) . Gibney and Shang (2007) used AHP as well as Gungor et al. (2009) used fuzzy AHP approach to personnel selection problem. Fuzzy TOPSIS for the same problem was applied by Kelemenis and Askounis (2009) . Celik et al. (2009) developed fuzzy integrated multi-stages evaluation model on academic personnel recruitment under multiple criteria. As the fuzzy set theory helps to incorporate imprecise data, fuzzy TOPSIS was successfully applied by Kelemenis and Askounis (2010) . Dursun and Karsak (2010) proposed a method to manage heterogeneous information using both linguistic and numerical scales, applying 2-tuple linguistic representation and Technique for Order Preference by Similarity to Ideal Solution. Two-tuple linguistic computing for supplier selection was successfully applied by Balezentis and Balezentis (2011) . Vainiunas et al. (2010) used crisp AHP and Additive Ratio Assessment (ARAS), while Kersuliene and Turskis (2011) applied fuzzy AHP and ARAS for architect selection. Hashemkhani Zolfani et al. (2012b) proposed AHP and Complex Proportional Assessment with Grey Relations (COPRAS-G) for quality control manager selection. Unique task of sniper selection as a subset of personnel selection was performed by applying fuzzy ANP, fuzzy TOPSIS and fuzzy ELECTRE technique by Kabak et al. (2012) .
In the current research a new approach for effective personnel selection is developed. The presented model is based on hybrid MCDM methods and it consists of Analytic Hierarchy Process (AHP) and the Technique for Order Preference by Similarity to Ideal Solution with Grey Relations (TOPSIS grey). A case study of selecting a group member for a rock band is presented.
Methodology: Analytic Hierarchy Process and TOPSIS grey
The multi criteria decision-making could be applied to assess different alternatives of future activities. Multiple criteria decision making (MCDM) is an advanced field of operations research that provides a wide range of methodologies for decision makers and analysts. These methodologies are well suited to the complexity of economical decision problems. For a complex overview see Hwang and Yoon (1981) , Figueira et al. (2005) , Zavadskas and Turskis (2011) . Over the last decade a number of researchers have developed a set of new MCDM methods and applied them to solve scientific as well as practical problems. For a complex overview of developments and applications see Kaplinski and Tupenaite, 2011; Kapliński and Tamosaitiene, 2010; Tamosaitiene et al., 2010. Solving of modern decision making problems is based on integrated models of different approaches in most cases. As the best strategy could be selected from available scenarios and information often dealing with uncertainty, the values of criteria could be determined at intervals from pessimistic value to optimistic one in strategic decisions. The limits of criteria values could be determined by experts. Determination of limits depends on the qualification and experience of expert. Therefore, it is better to collect the objective data (Zavadskas et al., 2010a) . Accordingly, there is a wide range of methods based on multi-criteria utility theory as well as a number of modified ones, when grey relations are integrated: SAW (MacCrimon, 1968; Zavadskas et al., 2010b; Podvezko, 2011) ; TOPSIS (Hwang and Yoon, 1981; Zavadskas et al., 2010a; Zavadskas et al., 2010b) ; COPRAS (Zavadskas et al., 2010a) .
Analytic Hierarchy Process (AHP), first presented by Thomas L. Saaty in 1971 (Saaty, 1971 , is a multiple criteria decision making method, that can be applied to overcome challenges that are under uncertain conditions or need to take several evaluation criteria into account for decision making. It aims providing the decision maker a precise reference for adequately making decision and reducing the risk of making wrong decision through decomposing the decision problem into a hierarchy of more easily comprehended sub-problems, each of which can be evaluated independently. The elements of the hierarchy can relate to any aspect of the decision problem, such as tangible or intangible, carefully measured or roughly estimated, well-or poorly-understood. It has been well utilized in several fields (Saaty, 1980 ) that require to choose the alternatives and the weight exploration of evaluation indices, like business (Angelou and Economides, 2009) , industry (Chen and Wang, 2010) .
In general, there have been discovered 13 major conditions that fit well the application of AHP, such as setting priorities, generating a set of alternatives, choosing a best policy alternatives, determining requirements, allocating resources, predicting outcomes, measuring performance, designing system, ensuring system stability, optimization, planning, resolving conflict, risk assessment (Saaty,1980) . The recent applications of AHP method for different problems in shortly are presented and listed below in Table 1 .
The calculation applying AHP adopts ratio scale for developing pair-wise comparison matrix. It typically can be categorized into 5 major sub-scales based on different levels of importance: equal importance, somewhat more important, much more important, very much more important, and absolutely more important. There are still 4 sub-scales with each level of importance between 5 major sub-scales. Therefore, there is an amount of nine subscales. The ratio values from 1 to 9 are given to each subscale as it is summarized in Table 2 . Selecting management strategy Table 2 The ratio scale and its definition in AHP Importance Definition Description
Equal importance
Two factors contribute equally to the objective.
Somewhat more important
Experience and judgment slightly favor one over the other.
Much more important
Experience and judgment strongly favor one over the other.
Very much more important
Experience and judgment very strongly favor one over the other. Importance is demonstrated in practice.
Absolutely more important
The evidence favoring one over the other is of the highest possible validity.
2,4,6,8 Intermediate values When compromise is needed
Resource: Saaty, 1990 .
The calculation steps of AHP are presented according to Saaty (1990) . Firstly, the pair-wise comparison matrix A by using the ratio scale from Table 2 is established. Let C 1 , C 2 ,…, C n denote the set of elements, where a ij represents a quantified judgment on a pair of elements C i , C j . This yields an n-by-n matrix A as follows:
where
In matrix A, the main problem lies in assigning to the elements C 1 , C 2 ,…, C n a set of numerical weights W 1 , W 2 ,…, W n that reflect the recorded judgments. If A is a consistency matrix, the relations between weights w i and judgments a ij are simply given by Saaty (1990) suggested that the largest eigenvalue ߣ ୫ୟ୶ would be
If A is a consistency matrix, eigenvector X can be calculated by
Saaty proposed utilizing the consistency index (CI) and random index (RI) to verify the consistency of the comparison matrix CR (consistency ratio). CI and CR are defined as follows (Saaty, 1990) :
where the RI represents the average consistency index, which is also named as the random index and was computed by Saaty (1997) as the average consistency of square matrices of various orders n which were filled with random entries.
Average consistency values of these matrices are given by Saaty and Vargas (1991) as provided in Table 3 . If the CR<0.10, the estimate is accepted; otherwise, a new comparison matrix is solicited until CR<0.10. The TOPSIS method was developed by Hwang and Yoon (1981) . The method belongs to MCDM group of methods and identifies solutions from a finite set of alternatives based upon simultaneous minimization of distance from an ideal point and maximization of distance from a negative ideal point. TOPSIS can incorporate relative weights of criteria. Lin et al. (2008) developed TOPSIS method with grey number operations for solving the problems with uncertain information. Zavadskas et al. (2010a Zavadskas et al. ( , 2010b used TOPSIS method with grey numbers operations to risk assessment of construction project and for contractor selection for constructions works. The recent applications of usual as well as modified TOPSIS method are listed below (Table 4) . Lin et al. (2008) proposed the model of TOPSIS method with attributes values determined at intervals (TOPSIS grey) that includes the following steps:
Step 1: Selecting the set of the most important attributes, describing the alternatives.
Step 2: Constructing the decision-making matrix ⊗X. Grey number matrix ⊗X can be defined as: [ ]
is the grey number evaluation series of the i-th alternative, m 1, j , , 1 = = n i .
Step 3: Constructing the normalized grey decision matrices. The normalized values of maximizing attributes are calculated as (Lin et al., 2008) : 
.(8)
Step 4: Determining weights of the criteria q j .
Step 5: Constructing the grey weighted normalized decision-making matrix.
Step 6: Determining the positive and negative ideal alternatives for each decision-maker. The positive ideal alternative A + , and the negative ideal alternative A -can be defined as:
,...., , min , max 2 1
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Step 7: Calculating the separation measure from the positive and negative ideal alternatives,
d , for the group. There are two sub-steps to be considered: the first one concerns the separation measure for individuals; the second one aggregates their measures for the group. Accordingly, the measures from the positive and negative ideal alternatives should be calculated individually. For decision-maker k, the separation measures from the positive ideal alternative and negative ideal alternative are computed through weighted grey number:
In equations (11) and (12), for p≥1 and integer, ‫ݍ‬ is the weight for the attribute j, which can be determined by attribute weight determination methods. If p = 2, then the metric is a weighted grey number Euclidean distance function:
Step 8: Calculating the relative closeness
c to the positive ideal alternative for the group. The aggregation of relative closeness for the i-th alternative with respect to the positive ideal alternative for the group can be expressed as:
. The larger the index value is, the better the evaluation of alternative will be.
Step 9: Rank the preference order. A set of alternatives now can be ranked by the descending order of the value of
Case study
Problem formulation. Rock music is a genre of popular music that developed during and after the 1960s. It has its roots in 1940s and 1950s rock and roll, rhythm and blues, country music and also drew on folk music, jazz and classical music. The sound of rock often revolves around the electric guitar, bass guitar, drums, and keyboard instruments such as Hammond organ, piano, or, since the late 60s, synthesizers. Rock music typically uses simple rhythms in a 4/4 meter; with a repetitive snare drum back beat on beats two and four (Hashemkhani Zolfani et al., 2011a) . A group of musicians specializing in rock music is called a rock band or rock group. Many rock groups consist of electric guitarist, lead singer, bass guitarist, and drummer, forming a quartet (Hashemkhani Zolfani et al., 2011a) . Rock music is the most popular cultural phenomenon of the second half of the twentieth century and the single greatest propagator of the moral, social, and religious values of our society. Social analysts concur that rock music has become a primary force in shaping the thinking and life-style of this generation (Bacchiocchi, 1999) . In the past decade rock genre had a professional change and experience and many young boys and girls have liked to be a rock star and a professional musician in rock genre. We can see people all around world who like listen to rock bands and rock superstars (Hashemkhani Zolfani et al., 2011a) .
Due to the developing music industry, being a musician is a professional work and it can cause changes in bands' members; in fact professional musicians can work with several bands during their professional life. Some reasons like death and family matters can cause these kinds of changes in the member of bands but most changes are due to musicians' private and financial matters (Hashemkhani Zolfani, 2012) . This research focused on solving this challenge in this genre of music industry on the basis of several criteria which are important in this section and have made decision making so hard. Multi Criteria Decision Making methods (MCDM) in these issues can be useful for decision making. Accordingly, the current research applied these methods for solving this critical challenge. The recent researches about rock bands are listed below in Table 5 . Table 5 Recent researches about rock bands In the current paper, joint methodic applied, combining AHP and TOPSIS grey. AHP is useful for calculating the importance and weight of each criterion and TOPSIS grey is useful for evaluating alternatives (musicians' candidate). The method helps evaluating musicians more precisely than usual TOPSIS where crisp numbers are used for evaluating.
Data survey. One of critical challenges of rock bands is finding an appropriate person as a new member for their bands. Many criteria are important in this realm and need to be analyzed from several aspects. There are many real case studies for this challenge two of which are presented in this article as examples:
1. Avenged Sevenfold band (USA): They lost James Owen Sullivan (The Rev) due to his death on 28 December Hashemkhani Zolfani (2012) presented the most important criteria for member selecting of rock bands. Based on the nature of seven evaluation criteria, optimization direction for each evaluation criterion is maximizing. The prioritizing result is presented in Table 6 . Table 6 Criteria for band member selecting Selecting experts. In this section experts are participated for calculating the relative importance (weights) of each criterion based on AHP. Process of selecting and evaluating musicians depends on conditions and is different from case to case process. A numerical example about selecting a new drummer for a band is presented in the chapter. Fifteen professional musicians were selected as experts consisting of 7 guitarist (5 lead guitarists, 1 rhythm guitarist and 1 bass guitarist), 4 drummers and 4 vocalists; 5 musicians of whom are leaders of their bands.
AHP calculations. A questionnaire was sent to a group of experts for pairwise comparison when applying AHP method for decision making. Information about experts is presented in previous subchapter. Criteria under comparison are presented in Table 6 . The completed paired comparison matrix and calculated weights of criteria (Eq. 1 -3) are shown in Table 7 . The degree of consistency rate of the pairwise comparison matrix is measured with the use of the consistency ratio (CR) index (Eq. 4, 5, Table 3 ). It is considered logically consistent if the CR is less than or equal to 0.100. The CR value for this pairwise comparison matrix is 0.090, i.e. it is acceptable.
Based on the results of AHP when weights of criteria were determined, it was evaluated that Technical ability, Ability of accommodation to band and genre and Discipline are the most important criteria in the current case.
Selecting a new drummer with TOPSIS grey. Ranking and selecting of alternatives by applying TOPSIS grey method and the weights which were calculated in a previous step applying AHP, is performed. The initial decision-making matrix with values determined at intervals is illustrated in Table 8 .
Given notations q j are the criteria weights and A 1 ,…, A 4 are alternatives (candidates) in Table 8 . The group of experts evaluated each candidate according to each criterion. The evaluation was done on a scale from 1 to 9, where 9 meant "very important" and 1 "not important at all".
The normalized decision-making matrix with value of each criterion expressed at intervals is presented in Table 9 . As all criteria are maximized in the current case, Eq. 7 for calculating a normalized criteria matrix was applied.
Weighted normalized decision making matrix and the results of the calculation for each alternative (Eq. 9 -15) are presented in Table 10 . Table 9 Normalized decision-making matrix (TOPSIS grey method)
Alternatives Normalized values of criteria Due to the TOPSIS grey and the weights that were calculated with AHP method, the order of alternatives ranks is:
. The third drummer was selected as the best drummer among applicants.
Conclusions
The decision model for personnel selection is developed in the research, involving multiple criteria that are evaluated simultaneously, aggregating experts' knowledge and dealing with uncertain information.
A hybrid model of Analytic Hierarchy Process and the Technique for Order Preference by Similarity to Ideal Solution with Grey Relations is presented. It is proposed to apply AHP for identifying the relative importance of each criterion and then to use TOPSIS grey for evaluating potential applicants.
The case study of group member selection is presented to demonstrate the applicability of the proposed model. The process of selecting a new drummer for joining the rock band is analyzed. Four applicants are evaluated according to seven criteria, using expert judgments and mathematical methodology. Priority order of criteria as well as of applicants is established and the best drummer, most of all satisfying the criteria, is selected.
The presented model proves to be a powerful tool for applying in personnel selection problems. TOPSIS grey is able to consider increasing uncertainty of estimations and evaluates applicant in more detail and carefully way, as compared to usual crisp MCDM methods. AHP allows embracing expert judgments and calculating relative importance of criteria as applied for final decision in TOPSIS grey.
This study can be applicable for personnel selection problems in various areas of economic activities. 
